Autoradiography identified six '25I-labeled proteins, ranging in molecular weight (Mr) from 20,000 to approximately 110,000, on the plasmalemma of Eimeria bovis sporozoites. Immunoblotting with bovine antiserum generated by intravenous inoculations of sporozoites and with immune serum generated by per os inoculations of oocysts revealed that protein 20 (i.e., 20,000 Mr) was an immunodominant antigen on the surface of E. bovis sporozoites.
We are interested in identifying, characterizing, cloning, and expressing the parasite antigens that elicit antibodies and lymphokines with antiparasitic effects against Eimeria bovis, an obligate intracellular protozoan pathogen of the intestinal tract of cattle. Recently, we found that a wholeoocyst antigen preparation of E. bovis would induce the proliferation of bovine T lymphocytes which produce a noninterferon lymphokine capable of inducing bovine and murine macrophages to kill asexual forms of E. bovis and Toxoplasma gondii (3) . We have also found that treatment of E. bovis sporozoites with either of two monoclonal antibodies (EbS9 and EbSll) resulted in an approximately 75% decrease in sporozoite penetration of cultured cells (8) . Both EbS9 and EbSll reacted in Western blots (immunoblots) of sporozoites with a protein of 20,000 relative molecular weight (Mr) (called P20).
Since some of the antigens that provide protection against bovine coccidiosis are likely to occur on the surface of sporozoites, we undertook the investigation reported here to determine the relative immunogenicity of various proteins in the plasmalemma of E. bovis sporozoites.
Oocysts of E. bovis were obtained from the feces of experimentally infected Holstein-Friesian bull calves by sucrose flotation, sporulated by aeration in aqueous 2.5% K2Cr2O7, cleaned, and fractured with a motor-driven Tefloncoated tissue grinder (1) . Sporozoites were excysted from sporocysts, washed in calcium-and magnesium-deficient Hanks balanced salt solution (pH 7.4), and purified by passage through a nylon wool column (5, 7) .
Sporozoite surface proteins were radioiodinated by using lactoperoxidase (6) tinuous buffer system (4). The gel was then fixed, dried, and autoradiographed with Kodak X-Omat AR X-ray film (Eastman Kodak Co., Rochester, N.Y.) for 1 to 14 days at -700C.
Antiserum (AS) was obtained from the blood of a calf 1 week after the second of two intravenous inoculations of 2 x 107 live E. bovis sporozoites in Hanks balanced salt solution that were given at a 6-week interval. Immune serum (IS) was obtained from another calf that had been inoculated per os munoglobulin G against E. bovis sporozoites in AS, IS, and NS were 1,280, 160, and 0, respectively.
Other sporozoites that were not radioiodinated were solubilized, subjected to SDS-polyacrylamide gel electrophoresis (along with prestained molecular weight standards) in a 12.5% polyacrylamide slab gel, and fixed as described above. The electrophoretically separated sporozoite proteins and molecular weight standards were then transferred (70 V for 4.5 h) from the gel to nitrocellulose paper (TransBlot; Bio-Rad Laboratories, Richmond, Calif.) (8) (2) .
Autoradiographic analysis revealed the presence of six distinct protein antigens (designated P1 through P5, and P20) on the surface of E. bovis sporozoites (Fig. 1) , five of which had the following Mrs: P2, 54,900; P3, 42,700; P4, 40,700; P5, 25,000; P20, 20,000. The Mr of P1 was approximately 110,000, but this could not be determined from a standard curve because the linear relationship of the prestained molecular weight standards was maintained only for Mrs of 14,300 to 68,000 (data not shown).
AS and IS reacted in Western blots against several surface and internal sporozoite antigens, whereas no reaction occurred with NS (Fig. 2) . Both AS and IS reacted intensely with the surface protein P20. AS reacted with four of the other five iodinatable surface proteins (P2, P3, P4, and P5) with various intensities; IS reacted weakly with three iodinatable surface proteins (P2, P3, and P4) ( Fig. 1 and 2 ). An antigen with a Mr greater than that of P2 (Fig. 2 ) also reacted intensely with AS and IS in Western blots (Fig. 2) . This high-Mr antigen may correspond to P1, but this could not be determined with certainty because of the lack of linearity displayed by the molecular weight standards in conjunction with the autoradiograph and Western blots in the high-Mr region.
Western blots with AS and IS and solubilized E. bovis sporozoites showed that P2, P3, P4, and P20 were antigenic regardless of the route of immunization. In contrast, P5 reacted with AS that was raised by intravenous inoculation of sporozoites but not with IS obtained from a calf that was inoculated per os and challenged repeatedly with live E. bovis oocysts.
The strong reactivity of AS and IS with P20 compared with the relatively low reactivities of P2, P3, and P4 or the nonreactivity of P5 with IS indicates that P20 is an immunodominant sporozoite surface antigen. This is emphasized by the fact that certain proteins which labeled more intensely with 1251 (such as protein 5) than P20 had less reaction on the Western blots than did P20. Thus, P20 appears particularly promising as a vaccine component because these data indicate that it is an immunodominant surface antigen and our previous work shows that monoclonal immunoglobulin G antibodies that react against it inhibit penetration of cultured cells by E. bovis sporozoites (9). This work was supported by grants 85-CRSR-2-2688 and 87-CRSR-2-3148 from the U.S. Department of Agriculture.
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